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Assumptions in GNSS data processing

• Receiver antenna is sufficiently calibrated that all measurements do meet in one
point, that is accessible in one well defined point at the antenna.
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Assumptions in GNSS data processing

• Receiver antenna is sufficiently calibrated that all measurements do meet in one
point, that is accessible in one well defined point at the antenna.

• This applies even, if the signals come from different GNSS.
• The scale of each GNSS is fully consistent.
• Antenna phase center offsets are perfectly calibrated across the systems.
• No deficiency in antenna phase center variations does map into troposphere model.
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Assumptions in GNSS data processing

• Receiver antenna is sufficiently calibrated that all measurements do meet in one
point, that is accessible in one well defined point at the antenna.

• This applies even, if the signals come from different GNSS.
• The scale of each GNSS is fully consistent.
• Antenna phase center offsets are perfectly calibrated across the systems.
• No deficiency in antenna phase center variations does map into troposphere model.

• There is only a constant hardware delays in the receiver
• across various frequencies (in particular GLONASS) and
• independent from the different signals from the various GNSS.
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Network from CODE final solution

BeiDou Galileo GLONASS GPS
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Experimental setup to proof these assumptions
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Station coordinates: translation biases (Galileo, north)

Stations sorted w.r... an.enna .ype
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Station coordinates: translation biases (Galileo, vertical)

Stations sorted w.r.t. antenna type
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Station coordinates: translation biases (GLONASS, vert.)

Stations sorted w.r.t. antenna type
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Station coordinates: translation biases (BeiDou, vertical)

Stations sorted w.r.t. antenna type
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Conclusion for GNSS-based deformation studies

• Real crustal deformations are visible in all GNSS solutions.
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Conclusion for GNSS-based deformation studies

• Real crustal deformations are visible in all GNSS solutions.

• GNSS receiver antenna calibrations are typically limited by the uncertainty of the
calibration process.

• Use only antennas for systems and frequencies where they are designed for.

• Use only antennas with proper calibrations.
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Conclusion for GNSS-based deformation studies

• Real crustal deformations are visible in all GNSS solutions.

• GNSS receiver antenna calibrations are typically limited by the uncertainty of the
calibration process.

• Use only antennas for systems and frequencies where they are designed for.

• Use only antennas with proper calibrations.

• When changing an antenna at a marker, changes in the station coordinates are
expected.

• When ever possible, don’t change the equipment.
(apply in particular for antennas but also for receivers and in some cases even for
firmware)
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Conclusion for GNSS-based deformation studies

• Real crustal deformations are visible in all GNSS solutions.

• Frequencies used by various GNSS (without GLONASS):

1.57GHz 1.23GHz 1.12GHz

GPS: L1 L2 L5
Galileo: E1 E5a
BeiDou: B1A/C B2a
QZSS: L1 L2 L5
Frequencies/signals as currently used by the IGS.

• In particular GPS-based results should be confirmed by another systems.
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GPS constellation

Constellation in numbers

Orbit elements for GPS satellites
a: 26 560 km
e: 0 (circular orbit)
i: 55◦
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GPS constellation

Constellation in numbers

Orbit elements for GPS satellites
a: 26 560 km
e: 0 (circular orbit)
i: 55◦

Repetition rates
revolution period 11 h 58min

constellation 1 sidereal day
geometry 23 h 56min 1 sidereal day
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GPS constellation

GPS ground track, satellite G06, 1 day (2021, day 300)
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GPS constellation

GPS ground track, satellite G06, 10 days (2021, day 300..309)
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GPS constellation

GPS ground track, constellation, 10 days (2021, day 300..309)
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GLONASS constellation

Constellation in numbers

Orbit elements for GLONASS satellites
a: 25 510 km
e: 0 (circular orbit)
i: 64.8◦
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GLONASS constellation

Constellation in numbers

Orbit elements for GLONASS satellites
a: 25 510 km
e: 0 (circular orbit)
i: 64.8◦

Repetition rates
revolution period 11 h 16min

constellation 8 sidereal day
geometry 1

3
sidereal day satellite in the next orbital plane

1 sidereal day satellite in the same orbital plane
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GLONASS constellation

GLONASS ground track, satellite R08, 1 day (2021, day 300)
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GLONASS constellation

GLONASS ground track, satellite R08, 10 days (2021, day 300..309)
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GLONASS constellation

GLONASS ground track, satellite R08, 2 days (2021, day 300..301)
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GLONASS constellation

GLONASS ground track, satellite R08&R01, 2 days (2021, day 300..301)
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GLONASS constellation

GLONASS ground track, one plane, 10 days (2021, day 300..309)
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GLONASS constellation

GLONASS ground track, constellation, 10 days (2021, day 300..309)
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Galileo constellation

Constellation in numbers

Orbit elements for Galileo satellites
a: 30 000 km
e: 0 (circular orbit)
i: 56◦
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Galileo constellation

Constellation in numbers

Orbit elements for Galileo satellites
a: 30 000 km
e: 0 (circular orbit)
i: 56◦

Repetition rates
revolution period 13 h 45min

constellation 10 sidereal day
geometry 10

3
sidereal day satellite in the next orbital plane

10 sidereal day satellite in the same orbital plane
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Galileo constellation

Galileo ground track, satellite E05, 1 day (2021, day 300)
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Galileo constellation

Galileo ground track, satellite E05, 10 days (2021, day 300..309)
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Galileo constellation

Galileo ground track, satellite E05&E03, 2 days (2021, day 300..301)
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Galileo constellation

Galileo ground track, one plane, 10 days (2021, day 300..309)
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Galileo constellation

Galileo ground track, constellation, 10 days (2021, day 300..309)
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QZSS constellation

Constellation in numbers

Orbit elements for QZSS satellites
a: 42 000 km
e: 0.075
ω: 270◦

i: 43◦

Repetition rates
revolution period 23 h 56min

constellation 1 sidereal day
geometry 1 sidereal day
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QZSS constellation

QZSS ground track, constellation, 10 days (2021, day 300..309)
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Adding a regional constellation

Stations with GPS and QZSS in CODE's MGEX solution, 2021 day 300
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Conclusion for GNSS-based deformation studies

• Individual GNSS have different orbital frequencies.
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Conclusion for GNSS-based deformation studies

• Individual GNSS have different orbital frequencies.

• By combining GNSS we can reduce the amplitude of the frequencies introduced by
the satellite geometry by each system.

• On the same time we get the frequencies from all included GNSS into the solution.
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Conclusion for GNSS-based deformation studies

• Individual GNSS have different orbital frequencies.

• By combining GNSS we can reduce the amplitude of the frequencies introduced by
the satellite geometry by each system.

• On the same time we get the frequencies from all included GNSS into the solution.

• Each system has an individual geometry/orbit repetition period where the overlay
with tidal frequencies results in GNSS-specific set of periods.
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Conclusion for GNSS-based deformation studies

• Individual GNSS have different orbital frequencies.

• By combining GNSS we can reduce the amplitude of the frequencies introduced by
the satellite geometry by each system.

• On the same time we get the frequencies from all included GNSS into the solution.

• Each system has an individual geometry/orbit repetition period where the overlay
with tidal frequencies results in GNSS-specific set of periods.

• Real crustal deformations are visible in all GNSS solutions.
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